INTRODUCTION
An important aspect of the human top-down control of attention is the ability to prevent re¯exive shiftings towards irrelevant abruptly presented items by attenuating the incoming signals they generate [1, 2] . This is supported by studies in healthy volunteers who were able to completely ignore distracting onsets [1, 3] , as well as by a case of pathological loss of the top-down attentional control following a lesion of the premotor cortex where onsets inevitably captured attention [4] . However, several recent studies [5±7] found that task-irrelevant onsets frequently elicited brief saccadic eye movements towards their location. This is consistent with the hypothesis of shared neural substrates of attention and oculomotion [2,8±10] and also with data suggesting that the top-down control over attentional capture requires a cortical control of oculomotor programs [4, 11] .
These ®ndings [4±7,12] suggest that during attentional top-down control, some involuntary attentional/ocular micro-shiftings are produced betraying the activity of a latent mechanism who is actively looking out for important changes occurring outside the current attentional focus. If a sudden event occurs, then this mechanism will brie¯y orient attention towards the source of signals in order to explore their nature. Thus, this mechanism will be capable of making judgments on the event's nature, taking quick decisions for permitting attentional movements and interrupting the current attentional focalization. Early studies offer an excellent support to this idea. Segundo et al. [13] applied electrical stimulations on the reticular formation of unanesthetized monkeys who were occupied with random activities. They observed that the animals ceased whatever they were doing, raised their head expectantly and appeared to strain their senses in an effort to determine the nature of the unknown stimulus which apparently had come into their environment. If nothing of a threatening nature appeared, the animals returned to their activity [14] . Because of its relay position in the reticulo-cortical diffusion system [15] , the thalamus may be involved in the initiation of these micro-shiftings. According to Robinson and colleagues [16, 17] , one of the major roles of the thalamus is to generate visual salience and to participate in the earliest decision to orient attention towards the source of environmental changes [18] . Consistent data were presented in patients with thalamic lesions [19] . It was reported that warning sensory signals occurring in the affected visual ®eld did not improve detection of impeding targets. The authors proposed that the patients were not able to engage their attention on the location of the warning signals. Thus, the thalamus may be at least partially responsible for the brief exploratory attentional shifts observed in tasks requiring attentional control [4, 5] .
What would happen if the onsets used in previous studies [1] were more salient in nature, such as distractors formed by transitory changes in luminance [20] ? The neuropsychological data presented by Michael and colleagues [4] may constitute a possible answer to this question. The authors reported the single case study of RJ, a patient who was able to perfectly control his attention and to eliminate already existing distractors (Experiment 1), as long as no items were abruptly presented in the display. In such cases, he showed slower response times only for onset distractors occurring in the hemi®eld opposite to the one containing the target (Experiment 4): the meridian effect [8] . This phenomenon consists in a slowing in detection performance when attention is ®rstly drawn in a spatial location and then reoriented across a visual meridian. According to the premotor theory of attention, this would re¯ect the compilation of a new oculomotor program [2] . This defective ability resulted in RJ maintaining a high state of alertness and the abnormal salience generated for the irrelevant items strongly elicited their exploration.
Given this, two hypotheses can be formulated. If a distractor activates exploratory attentional movements during focalization because of its salience, then (a) slower RTs would accompany this movements only when it (the distractor) occurs in a direction opposite to the targets one (i.e., the meridian effect) [4] . This phenomenon would reveal a brief interruption of the current attentional control caused by the compilation of a new attentional program aiming at exploring the item appearing across the meridian [2, 8] ; (b) the decision to initiate such an exploratory shifting and to interrupt cortical control of attention [4] might be generated by the thalamic nuclei [16, 17, 19] . The present study tended to explore these two points. A group of ten healthy subjects as well as three patients with thalamic lesions participated in a task requiring endogenous attentional control during which salient luminance transients occurred. If some brief exploratory attentional/ eye movements occur during spatial focalization, then the meridian effect would be observed in the performance of the healthy subjects when a distractor occurs in the visual ®eld. In addition, if, as we proposed, the thalamus occupies a central place in a`look for changes' network, then events occurring in the unaffected ipsilesionsl visual ®eld would gave place to the meridian effect, whilst events occurring in the affected ®eld would not do so.
MATERIALS AND METHODS
Experiment 1a: healthy controls: Ten right-handed volunteers participated in the present experiment. Their mean age was 25.5 AE 2.7 years and they all had self-reported normal or corrected-to-normal vision.
The stimuli were six deep gray (5.04 cd/m 2 ) squares presented on a black background (0.037 cd/m 2 ) and occupying a space of 0.60 3 0.608 of visual angle at a viewing distance of 57 cm. The display was generated by locating the squares on the horizontal axis passing through a central ®xation plus sign: three squares were located on its right side and three on the left. The distance between the ®xation plus sign and the squares (center to center) was of 1.58, 2.38 and 5.38 for the nearest, the intermediate and the farthest squares respectively. The intermediate squares contained a white (25.05 cd/m 2 ) ring in their center, whose radius was of 0.208 of visual angle. One of these rings was the impeding target. The stimuli were arranged in a way that for each intermediate (target) square, two other squares (distractors) corresponded, each one located at a distance of 38 of visual angle. However, one of them was located in the same direction as the impeding target, the other in the opposite one (Fig. 1a) . All stimuli were displayed on the color monitor of a Dell Latitude portable computer with a Pentium II 400 MHz processor and a SVGA graphics card. The experiment took place in a dimly illuminated room.
At the beginning of a trial, the display was presented on the computer monitor for 1000 ms, after which a central arrow was brie¯y presented (100 ms) and pointed on the left or on the right. This spatial cue indicated the absolute location of the impeding target. Unlike the classical Posner's paradigm, the cue was always valid. Following this, A 150 ms period followed, during which one of three possible events took place: (a) the empty square located in the direction of the impeding target was illuminated (from 5.04 cd/m 2 to 25.05 cd/m 2 ; same direction condition), (b) the empty square located in the direction opposite to the impeding target was illuminated (opposite direction condition), (c) no dynamic change in luminance was produced (baseline condition). Then, a small gap (0.18 of visual angle) appeared on each of the two rings. The target's gap was located on the right or the left side and the gap of the nontarget item was located on the top or the bottom of the ring (Fig. 1b) . Subjects were instructed to respond as quickly as possible to the gap's side (right or left) by pressing two different predetermined keys of the keyboard. The stimulus display remained present until response. The next trial started 1500 ms later. Subjects were instructed to keep their eyes ®xed on the ®xation cross through each trial and to orient their attention towards the ring which was cued by the central arrow. They were also informed that the arrow indicated the absolute location of the target, so they could ignore the other item as well as the sudden change of luminance. A total of 120 trials were presented (40 trials/ condition) in a random order, and the experiment was preceded by 40 practice trials. Reaction times and errors were automatically registered by the computer. Reaction times faster than 200 ms and longer than 2000 ms were automatically discarded. No feedback was given. Experiment 1b: unilateral thalamic patients: The partcipants were three right-handed patients with unilateral thalamic infarctions involving the pulvinar nucleus (Fig. 4) . At the time of testing, JM, VV and PV were 53, 35 and 42 years old and had an estimated premorbide IQ of 117, 97 and 97 respectively (A.V. Beauregard scale) [21] . JM suffered from a right thalamic infarct, whilst the lesion of VV and PV was located in the left thalamus. All three patients were tested 7 months after the stroke. Ophthalomogical examinations revealed no visual defects and neuropsychological testing has evidenced a defect of focal attention (as assessed by the d2 test) [22] in all three patients (Table 1) . Spatial neglect was totally absent. The present experiment was undertaken with the understanding and written consent of all three patients.
The stimuli and the apparatus were exactly the same as in Experiment 1a. The procedure was the same as in Experiment 1a except that in Experiment 1b 198 trials were presented (66 trials/condition, thus 33 trials/condition in each visual ®eld). The three experimental conditions (i.e. baseline, same direction and opposite direction) were the same for both the ipsilateral and the contralesional ®elds.
RESULTS
Experiment 1a: An ANOVA (using SYSTAT 8.0) was carried out on correct response times ( Fig. 2a) and percentage error (Fig. 2b) , with subjects as the random variable. The chronometric analysis of performance revealed a signi®cant effect of condition (F(2,18) 11.426, p , 0.001). As expected, the difference between the baseline (448 ms) and the same direction condition (446 ms) failed to reach signi®cance (t 0.216, p , 0.834). However, a highly signi®cant difference was found between the baseline and the opposite direction (500 ms) condition (t 3.569, p , 0.006). Paired comparisons between the same-direction and the opposite direction conditions revealed a meridian effect (t 3.647, p , 0.005). As far as errors are concerned, the main condition effect was also signi®cant (F(2,18) 5.723, p , 0.012). This time, we found a difference between the baseline (1.25%) and the same direction (5.5%) condition (t 3.207, p , 0.011). The difference between the baseline and the opposite direction (5.25%) conditions was also revealed to be signi®cant (t 3.308, p , 0.009). However, the comparison between the same direction and the opposite-direction conditions did not reveal any meridian effect (t 0.161, p , 0.876).
Experiment 1b: Figure 3a depicts the mean RTs for the three patients in each condition and Fig. 3b shows the error number in each condition. Statistical analyses were carried 
An analysis of variance was run with the following factors: distractor ®eld (contralateral to lesion vs ipsilateral to lesion) and distractor condition (no distractor baseline, same direction distractor and opposite direction distractor). The distractor ®eld 3 distractor condition interaction was signi®cant (F(2,196) 5.977, p , 0.003). We analyzed this interaction by carrying out ANOVAs with distractor conditions taken two by two as a function of the distractor ®eld. The comparison between the no distractor baseline and the same direction condition did not reveal any signi®cant effect. However, the comparison between the no distractor baseline and the opposite direction condition revealed a signi®cant main effect of the distractor ®eld (F(1,98) 6.358, p , 0.013) as well as a signi®cant interaction between distractor ®eld and distractor condition (F(1,98) 6.614, p , 0.012). The comparison between the same direction and the opposite direction conditions showed a signi®cant main effect of the distractor ®eld (F(1,98) 6.087, p , 0.015) as well as a signi®cant interaction between distractor ®eld and distractor condition (F(1,98) 7.839, p , 0.006).
Separate analyses were carried out for events occurring in each visual ®eld (with only the distractor condition as a factor). The distractor condition effect failed to reach signi®cance in the contralateral (affected) ®eld (F (2, 196) 1.960, p , 0.144) whilst it was found to be signi®cant in the ipsilateral (non-affected) ®eld (F(2,196) 6.274, p , 0.002). Paired comparisons showed, as expected, that reaction times in the opposite direction condition were signi®-cantly slower than in the no-distractor baseline (t 2.768, p , 0.007) and in the same direction condition (i.e. the meridian effect; t 3.461, p , 0.001). Finally, no difference was found between the no distractor baseline and the same direction condition (t 0.470, p , 0.639). Paired comparisons were also carried out in order to compare the effect of the distractor ®eld on each of the three conditions (baseline, same direction and opposite direction). Reaction times were similar in both ipsilateral and contralateral baselines (t 0.743, p , 0.459) as well as in both same direction conditions (t 1.017, p , 0.312). As far as the opposite direction is concerned, reaction times were signi®cantly slower in the ipsilateral than in the contralesional ®eld (t 3.449, p , 0.001).
We observed different patterns of errors in the ipsilateral and in the contralateral to lesion ®elds. Of capital interest is the fact that, in the ®eld ipsilateral to lesion, the number of errors observed in both same direction and opposite direction conditions is bigger than in the baseline. It is also interesting to note that the meridian effect disappears, that is the number of errors in the same direction condition is the same to the one observed in the opposite direction. This pattern is absent in the ®eld contralateral to lesion, where the number of errors in all three conditions is rather similar.
DISCUSSION
The present study aimed at collecting evidence on whether brief exploratory attentional shiftings are produced when salient luminance transients occur outside the current attentional focus as well as examining the role of the thalamus in initiating such kind of movements. Ten healthy volunteers (Experiment 1a) and three patients with unilateral thalamic infarcts involving the pulvinar (Experiment 1b) participated in a task requiring top-down control of attention [1, 3, 4] . Sometimes, a salient distractor (a luminance transient) occurred in either the direction of the target or the opposite one.
In Experiment 1a, we found that even under absolute spatial cueing conditions a luminance transient caused an interruption in the endogenous attentional orienting towards the target: the error rates were signi®cantly higher when distracting items were abruptly presented in the visual ®eld than when no distractors occurred. In addition, slower RTs were found for distractors occurring in a direction different than that of the target. One might argue that the slowing in motor reaction times might be due to a lateral masking effect disturbing attentional performance. However, we believe that the masking hypothesis cannot hold because the reaction times to the target were slower only when the distractor occurred in the hemi®eld opposite the one containing the target. If we were in presence of a masking effect, reaction times would be then slower in both same direction and opposite direction conditions in comparison to the baseline. Our results are more likely to be consistent with the meridian effect hypothesis in which the slowing in reaction times observed in the oppositedirection condition is considered as a mark of an oculomotor involvement in attentional processes. Thus, our ®ndings are consistent with data [4±7] suggesting that brief exploratory attentional/eye shiftings do occur outside the focus of attention. Finally, as shown by the error pattern, this interruption was equal for distractors appearing in the direction of the target and the opposite one. This dissociation between reaction times and errors suggests that two different phenomena occurred: (1) a brief disruption of the attentional control by the distractors as shown by the error pattern and (2) the compilation of a new attentional/ oculomotror program aiming at reaching the opposite direction distractor as revealed by the meridian effect [8] .
In Experiment 1b, we found equivalent RTs for targets occurring in either the affected or unaffected ®elds in the baseline condition where no distractors occurred. This result suggests that the attentional orienting is not affected by thalamic lesions. This is not consistent with previous studies reporting a considerable slowing in reaction times for targets appearing in the affected ®eld following thalamic lesions in humans [19] and thalamic muscimol injections in monkeys [23] . In the present study we used an endogenous cueing procedure (the cue was a central arrow) known to involve the anterior attentional orienting network [24±27] whilst Rafal and Posner [19] and Petersen and colleagues [23] used an exogenous cueing paradigm (the cue was a peripheral change in luminance), thought to activate the posterior network [24, 28, 29] . The thalamus is thought to be part of the posterior network [24, 28, 30] . Our results constitute an additional argument in favor of the anterior/posterior network distinction.
When the target and the distractor were located in the same direction (either ipsilateral or contralateral to lesion), attentional performance was not affected. Reaction times observed for the same direction distractor condition were not slower than in the baseline condition. This is consistent with previously reported data [4] . However, does that mean that distractors occurring in the same direction as the target do not elicit attentional shifting? According to the premotor theory of attention [8] , once an attentional/ocular movement is programmed, changes in distance imply only a quick readjustment of the preexisting program. This kind of change is not time consuming because the speci®ed program is just adapted to the new situation. In the present study, transients occurring in the direction of the target involve changes in distance. However, errors occurring in the ®eld ipsilateral to the lesion may constitute an argument in favor of the existence of an interruption of attentional control. We observed more errors when distractors occurred in the same direction condition than in the baseline condition. A very similar pattern of performance was observed in Experiment 1a. This ®nding suggests that even if chronometric performance was not affected by salient distractors, accuracy was. We therefore suggest that these distractors did interrupt attentional control and elicited exploratory shiftings. However, the nature of the metric changes that occurred in the attentional program did not delay performance.
Distractors appearing the opposite direction delayed performance only when occurring in the ipsilesional, unaffected ®eld. This is supported by slower reaction times as well as by a larger number of errors than in the baseline, and it is consistent with previous studies [4, 8] . The same performance pattern was observed in our group of healthy subjects in Experiment 1a, which constitute a strong argument concerning the normality of performance of our patients in the ipsilesional ®eld. These results may re¯ect radical changes occurring in the direction parameter of the current attentional program. According to Rizzolatti and colleagues [2, 8] , this kind of changes are time consuming because they initiate the construction, compilation and (sometimes) the execution of a completely new program. Hence, we propose that exploratory attentional microshiftings were really produced and their behavioral consequences are fully re¯ected in this condition. This is also supported by the larger number of errors observed here (and in Experiment 1a) as compared to the baseline condition.
The meridian effect [8, 31] was re¯ected by the difference in performance in the same/opposite direction conditions. Distractors occurring in the opposite direction delayed manual performance, whilst distractors occurring in the same direction did not. Statistical analyses suggest that this effect occurs only in the unaffected visual ®eld. Once again, this result is strengthened by (and, on its turn, reinforces) the results obtained in Experiment 1a. The presence of the meridian effect is a supplementary argument in favor of the premotor theory of attention [2, 8] and it may re¯ect, as already mentioned, the nature of changes occurring in the current attentional/oculomotor program. We can therefore question the ef®ciency of the same direction distractors. Were they real distractors? An ensuring answer is given by the error pattern observed in the unaffected ®eld and in Experiment 1a. The number of errors was exactly the same for both the same and opposite direction conditions, suggesting that they were equally ef®cient.
Hence, we propose that the distracting nature of the luminance transients is re¯ected by the number of errors whilst changes occurring in attentional programs are re¯ected by the chronometric performance. Both evidence are consistent with a brief interruption of the top-down attentional control. Several previous studies [5±7,12] offered evidence on two con¯icting parallel systems underlying attentional/ocular control: a goal-directed system which programs shiftings aiming at reaching the target and a re¯exive one which draws attention towards task-irrelevant events occurring outside the focus of attention. Microshiftings occurring during interruption of the voluntary attentional control could aim at brie¯y exploring unexpected events occurring in the visual ®elds despite attentional focalization elsewhere in space. We think that, even these two system seem to act in a con¯icting way, they could be more complementary and cooperative in nature. By keeping a relative state of alertness, an organism would be ready to respond in any threatening element [13, 32] , even if it is occupied with any activity.
The absence of the meridian effect in the affected ®eld of our patients suggests that top-down attentional control is not affected at all. Lesions of the thalamus seem to reduce capture by salient items [19, 23] . At ®rst, this performance may be considered as ideal because attentional control seems to be extremely ef®cient. It is not really the case because every abruptly presented object whatever its nature, meaning and importance is, will be completely ignored. We thus suggest that the existence of these exploratory shiftings despite attentional focalization is very important and that evaluating the characteristics and the signi®cance of sudden events occurring in the visual environment could ensure an ecological role.
How do these exploratory micro-shiftings are generated? At a neurophysiological level, parts of the vigilance and the posterior attentional network [24] may compute for this look out for changes' mechanism. Let us consider the sequence of events in a single trial of our experiment. The presence of an absolute endogenous spatial cue results in activating the anterior attentional network [24] , involving the frontal precentral cortex [4, 26, 27] . Attention is then voluntarily oriented towards the target and its processing begins. Simultaneously, cortical signals would act on the superior colliculus (SC) to prevent changes in the current attentional program [4, 11] . If a brief salient distractor occurs in the visual ®eld, its presence would be coded by the SC [33] , which would prepare a readjustment of the already existing program or the creation of a completely new one aiming at reaching the locus of change [2, 8] . However, these changes will not be integrated because of the inhibitory control exerted by the cortex [4, 11] . The SC would then send excitatory impulses via the afferent collaterals into the ascending reticular activating system (ARAS) [15, 34] . In its turn, the ARAS would act to redistribute these signals in order to induce a state of alertness [24, 32, 34] . The activation wave generated in the ARAS would reach the cortex [13] and the SC via the thalamic nuclei [15, 35] . This ascending activation may be proportional to the intensity of stimulation [36] . If a salience is generated for the speci®c visual item [16] , the thalamo-cortical diffusion of activation will interrupt the current cortical activity (i.e. the inhibitory control exerted on the midbrain structures) [4,11,32,37±39] , whilst the thalamic connections with the SC will transmit a new command: permit the compilation and execution of the new attentional program aiming at reaching the source of signals. The cortical inhibitory activity exerted on the SC being attenuated, a program for an exploratory shifting towards the source of signals will be compilated. Consistent with this idea are our ®ndings that an interruption of attentional control was observed only when distractors appeared in the unaffected hemi®eld. If the ARAS fails to modulate activity in the thalamus, then the thalamo-tectal command will not be transmitted and the ascending activation wave will not diffuse to the cortex. Thus, the cortical control will not be interrupted and the onset item will be completely ignored. This is exactly what we observed following thalamic lesions. However, it is not because of the absence of the meridian effect after thalamic lesions that we suggest that it is mediated by the thalamus. This effect is a marker of oculomotor activity [8] , thus we think that it is rather mediated by motor structures such the SC. The two-fold role we attribute to the thalamus in this`look out for changes' mechanism is to participate in the interruption of the current top-down attentional focalization and to initiate (i.e., to decide and permit) in the SC the compilation of an attentional movement.
CONCLUSION
In the present study we found that brief attentional shiftings may occur outside the current focus of attention. Our data strongly suggest that even under attentional control, the re¯exive attentional system operates through à look out for changes' mechanism in order to detect important events occurring in the visual space and, if necessary, to brie¯y interrupt attentional focalization for permitting a shifting of exploratory nature towards the source of the signals. We also found that the ef®ciency of these exploratory shiftings is reduced (or even abolished) following thalamic lesions involving the pulvinar nucleus, suggesting that this structure is a part of a distributed network underlying the`look out for changes' mechanism.
